I. INTRODUCTION
The Relativistic Heavy Ion Collider (RHIC) will be used to study the collisions of heavy ions at energies that range up'to 100 GeVh per beam. The center-of-mass energies of these collisions will exceed those of any other existing accelerator of heavy ion beams by more than a factor of ten. Physics studies will observe ,conditions of temper--and matter density believed to have existed during the formation of the early universe. Under such conditions nuclear matter is predicted to undergo a transition fiom a system of neutrons and protons to a plasma of quarks and gluons.
The R€IIC Collider is being. constructed on the site of Brookhaven National Laboratory (BNL) on Long Island, New York. It will utilize numerous existing facilities that arc already used to study heavy ion collisions with fixed targets. These include a Tandem Van de Graaff accelerator, a heavy ion transfer line to a booster accelerator and the Alternating Gradient Synchrotron (AGS). Construction of RHIC began in 1991 and is expected t6 be completed in 1999. Total construction cost to compEk the RHIC accelerator complex, including construction of two major experiments, is $SOOM, the magnet system cost will be $15OM. The range of ion species to be accelerated and collided is protons up to lWAu.
The RHIC collider will consist of two concentric, side-byside rings of superconducting magnets in an existing tunnel with a circumference of 3.8 km. The are made at BNL of coils wound by a cornputercontrolled winding machine that relies on ultrasonic energy to' attach the adhesivecoated wire to a flat Kaptodb-stage epoxy substrate (Fig. 2) . The coils then precisely envelop a stainless steel support tube and are wrapped with glass tape and Kevlar yarn at 12.6 turndcm and 98 N tension to provide prestress. The suomrt tubes are concentrically assembled inside iron Quadrupoles in the arcs of the accelerator have magnetic length of 1.11 m, while others in the insertion regions also include lengths of 0.93 and 1.81 m [l] . The gradient at top energy o p t i o n is 71 T/m. A cross section of the cold mass is given in Fig. 3 ; the coils consist of 16 turns and one copper wedge.
The quadrupoles use most features of the dipole design -the same superconductor cable and Kapton insulation, phenolicglass spacers between coils and iron, and an iron yoke used as a collar for assembly. Another paper at this conference describes the detailed features of these magnets that are being produced by Northrop Grumman Corporation [3].
3) Standard Aperture Sextupole and Trim Quadrupole
Magnets -288 and 72 total, respectively: These magnets (Fig.   4) 
D. Large Aperture Dipole Assemblies -36 total with two different apertures
The DO dipole assemblies have a coil aperture of 10 cm and are 3.6 m long; their operating field is 3.52 T. They are located in each ring on each side of the six interaction regions (24 total) and initiate the beam crossing for the experiments. The magnets have single layer coils and a sagitta of 7.6 nun. Pairs of cold masses with apposite sagitta will be assembled in the accelerator tunnel in split-type cryostatl.
DX dipoles have an 18 cm aperture and 3.7 m length. There are twelve of these since both beams pass through them close to the interaction regions. They are assembled from single layer coils; design operating field is 4.28 T . It is planned to provide coil prestress with self-supporting high-strength stainless steel collars. These will be surrounded by a horizontally-split iron yoke and a stainless steel shell with no sagitta. Again, cryostats will be assembled in the accelerator tunnel.
PLAN FOR MAGNET MANUFACTURING
. The design of the magnets for RHIC is a culmination of ongoing magnet R&D at BNL incorporating also ideas from other magnet programs, in particular H E M and the SSC. The main goal has been to provide high quality, cost-effective designs. All RHIC magnet R&D was done at BNL and industrial con€racts are built-to-print with BNL responsible for the design.
During the selection process of outside magnet manufacturers, quality and manufacturing capability were stressed. A review of controls was done to ensure the BNL's design and specifications, as well as the control of purchased material and manufacturing procedures set in place to provide for continuity of performance results. Regular quality audits and liaison with these suppliers provide confidence that these controls are working.
The BNL manufacturing was a major transition going from R&D to production. During this period BNL looked at modem industry today and incorporated some of the best streamlined methods used: WII, Total Quality Management (TQhQ InternaVExternal Customers, as well as employing a technique that reduces inspection (build it check it). During this period, in-house training was conducted for our management, engineers and -technicians, in quality and manufacturing concepts and in controls. This has greatly assisted BNL to build high quality magnets. . For all manufacturing at BNL, Northrop Grumman and Everson Electric there is systematic collection of test data during the manufacturing processes. These data are sent to BNL with each magnet, usually on computer disks, and are used as a basis for magnet acceptance. There are frequent discussions with our industrial partners regarding data trends and statistics. This has become a powerful tool in support of our supplier partnerships.
IV. ACCEPTANCE TEST RESULTS
On receipt at BNL all magnets undergo a thorough test sequence to assure that they are acceptable for use in RHIC.
These tests include mechanical, survey and electrical checks, and magnetic measurements at room temperature. The initial production of about 30 of each magnet or assembly is 100% cold-tested including quench and magnetic measurements. Thereafter, approximately 10% are randomly chosen for cold tests. However, 100% of the corrector magnets are cold-tested because of their fragile conductor.
A. Quench Testing
The 9.7 m long standard aperture arc dipoles are cold tested in their cryostats on horizontal test stands at the RHIC operating temperature of nominally 4.6 K obtained with supercritical helium gas at a mass flow rate of 100 g/s and 5 atm pressure. Of 41 dipoles tested so far, all but two met a 30% margin goal of an acceptable stable plateau above 6500 A and those two were judged acceptable after further tests. Minimum quench currents are shown in Fig. 6 .
The standard aperture quadrupoles are tested as cold masses in vertical dewars filled with liquid helium at a nominal 4.35K and 1.12 atm. Of58 quadrupoles tested so far all have met the 30% margin goal. See Fig. 7 for minimum quench currents.
During cold tests, the standard aperture sextuple and trim quadrupole magnets typically train quickly to a plateau above the conductor limit of 200 A, providing a 100% operating margin. Corrector magnets are all vertically tested. Dipole correctors are limited to 70A during cold testing due to conductor heating at quench and normally easily reach that limit The other correctors are tested with the dipole corrector at 70A and easily reach 100A, a 100% operating margin. RHIC operating curnnt is SO00 A.
B. Magnetic Measurements
All warm magnetic tests use rotating coil systems to determine the transfer functions and field quality. The integral transfer functions of the long arc dipoles are measured using a 10.4 m long non-rotating integral coil. Good warmcold magnetic correlations for all the magnet types have been
The distribution of the integral transfer functions in the arc dipoles is shbwn in Fig. 8 . The standard deviation of the distribution is 0.035% of the mean. ?he acceptable limit for the machine is 0.05%. Fig. 9 shows the correlation between the normal sextupole terms measured warm and at 5 kA. The harmonics are measured in "units" of lo4 of the fundamental field and are expressed at a reference radius of 2.5 cm. If the 5 kA values were identical to the warm values, the points would lie on the solid line shown in Fig. 9 
V. CONCLUSIONS
The production of magnets for RHIC is proceedin extremely well with the quality and performance of the many elements exceeding expectations. All magnet elements produced so far are acceptable for use in the accelerator. This indicates that the designs and approaches to manufacturing by BNL and industrial partners have been correct.
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